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number of in-situ physical cleaning methods were tested as
alternatives to using chemicals to clean reverse c¢smosis and
ultrafiltration membranes. Flow surging, air surging, contin-
uous air addition and ultrasonic cavitation were used alone
and in combination with each other as cleaning methods. Ultra-
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INTRODUCTION

This report covers wirk accomplished under Contract N68305-77-C-C014,
"Test Program for Physical Cleaning in Reverse Osmosis Systems".

The tests consisted of cperating three membrane systems:

1. A Single Tube Reverse Osmosis module with six square feet of mem-
brane for 600 psi service (cellulose acetate membrane).

2. A Seven Tube Reverse (Osmosis module with seven square feet of mem-
brane for 600 psi service.(cellulose acetate membrane).

3. A Seven Tube Ultrafiltration module with seven square feet of mem-
brane for 125 psi service (polysulfone membrane).

The tests included establishment of baseline data on each of three Grey Water
wastes-laundry, shower and galley, and a composite of the three waste waters.
Tests covered operation, fouling characteristics and general performance of a
number of different modes of cleaning.

The objective of these testswas to establish physical means of maintaining
a high performance membrane system instead of the more common chemical cleaning
currently in use. The elimination or reduction in chemicals will reduce logistics
support as well as simplify operator requirements. Current technology requires
extensive chemical cleaning on zrey water feeds. An in-situ physical cleaning
process will enable a more compact system for comparable cleaning action, when
compared to chemical processes now available.

This program was conductad over a ten month period, seven months of which
were actual tests. - Firss tests were in July 1977, final tests were in February
of 1978.

SUMMARY
Design Concept

This program was conducted utilizing externally pressurized membrane tubes
in three different configurations:

1. A "single tube" Reverse Osmocis module, consisting of the matrix of
three 1" 0D stainless "U" tubes. The open ends of the tubes enable installation
of ~he six foot long membrane tvb2 assemrhlies, six assemblies total being used.
In the externally pressurized tubular configuration, permeate travels inward to-
wards a tube located centrally within the membrane tube assembly and finally out
of the assembly via pelyoropyilene tubes tu a collection tank. Ultrasonic trans-
ducers were secured in vaviocus pafterns to the sides of the "U" tubes.

2. A "seven tube" Rer2rse Osmosis module comparabie to those used in produc-
tion systems whare seven six foot long membrane tibe assemblies are installed in a
2" pipe size pressuvre vesgel. One ultrasonic transducer was mounted on the end
of the vessel.
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3. A "seven tube" Ultrafiltration (UF) module similar to 2. above
but enclosed in a plexiglass pressure vessel. NOTE: Since the UF module
exhibited exorbitant flux declines, its graphs have been omitted from this
report. Also, since the quantity of data produced during the test program
was voluminous indeed, only a few of the graphs have been selected for this
renort.

These test units were installed with sufficient pumping and controcl
valve units to facilitate fluw and pressure control during the test program.
The following modes of operation and cleaning were conducted with this system:

1. Normal operation, with intermittent or post operation chemical
cleaning.

2. Normal operation with intermittent or post operation ultrasonic
cleaning. Ultrasonics were operated at O psi, 50 psi and 100 psi for the
UF, 0 psi, 300 psi and 550 psi for the two RO units.

3. Flow surging, increasing flow rates at low and high pressures.

4. Air feed, continuous air addition or surging the system with
intermittent air pulses.

Modes 2, 3 and 4 were conducted with and without chemical cleaning solutions.

Evaluation (Ref. Table 1l& 2)

Task I - Base line, No Cleanihg
a. Laundry feed was run with moderate decline in permeate flux

(19 to 26%) on all membrane units. There would appear to be no problem
in operation with this feed alone.

b. Galley waste only, also operated well with 8 to 27% decline
in flux. There should be no problem with this feed alone.

c¢. Shower waste was no problem to handle. A 1 to 10% decline in
flux was demonstrated in six hours.

d. Composite feed had from 15 to 347 drop in flux in the six hour
run. Specific cleaning procedures would be required at Jess thamn six hour
intervals to insure good average overall permeate production. (See Table 3)

Task III - Circulation Rates.

This task was accomplished in two runs of sixty-two hours of
continuous operation. The first run was at pH 8.4 and the second run was
at pH 6.7 to 6.8. Each run consisted of twenty hours continuous running
at low flow, twenty hours at medium flow and twenty hours at high flow
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rates. Velocities varied from 3 ft/sec to 9 ft/sec during these runs.
R0~1 c¢ould only operate with one pump since the flow meter continued to

»low «part over 4 GPM. (It finally burned out the motor). Membranes were
zlaned after each twenty hour sectioi.

a. Low flow rates gave generally high flux declines. As much as
86% decline in the twenty hour period. The RO was superior in the low pH
ranges and the UF was much better in tihe high pH ranges.

b. Medium flow rates showed better stability in the low pH range.
RO flux declines ranged from 19 to 52%. The UF showed moderate stability
at medium flows in ail cases; in fact at the end of the twenty hour runs
the UF had the same or greater flux., This is apparently the optimum
velocity for the membrane turbulators.

c. High flow rates showed good stability in both runs for the
RO modules, with overall better performance in the lower pH range. RO flux
declines varied from 15 to 34%. The high pH UF run was fairly stable, a
28% flux decline; at the low pH the UF run lost 80% of the initial fiux.
See graphs 1A, 1B.

Task IV ~ Ultrasonic Baseline.

Ultrasonics bascline was run using ultrasonics at high  pressures,
medium pressures, low pressures and no pressure to evaluate comparative
cleaning action. 0 psi cleaning showed a loss of 9 tc 19% in the three
systems, the UF being the poorest. Medium ard high pressure ultrasonics
were not nearly as effective. The chemical cleaning baseline was approxi-
mately the same performance as ultrasonics at 50 psi. See Graph 2.

Task VII - Air Surging.

Alr surg ng and air surging with ultrasonics werc conducted at
minimum pressure, medium pressure (50 psi for UF, 300 psi for RO) and normal
operating pressure. Fouling rates were very high, so a ninety hour portion
of this test time was transferred to subseguent testing of flow surging
and low pressure ultrasonics. At the conclusion of this the UF was so

fouled tbh-t it could not he cleaned, so it was not used in the final test
segment.

Task VIII - Continuous Air.
Continuous air at full aud at medium (50 psi for UF, 300 psi for RO)
pressures, with and without ultrasonics was run, a four segment test.

a. Continuous alr at full pressure, periodic chemical cleaning,

maintained uniform output from beginning to end for the RO, the UF dropped
497 in flux.

b. Continuous air feed with ultrasonics at O psi had a significant
{flux decline, 32 to 387 more than the constant run plus chemicals.

c. Continuous air at 300 psi (50 psi for UF) had good stable
performance for the RO, 16 to 262 flux decline. The UF declined in flux
55%. See @raph 3A.
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d. Continuous air at 300 psi plus ultrasonics at 0 psi was
quite comparable to air at 600 psi, with sliihtly greater fiux declines.
The continuous air runs required hand clezaning after the sequences were
completed to raise the flux back to acceptable levels., The UF flux did
not recover at all. See Graph 3B.

Tack IX - Flow Surging.

Flow surging was conducted at various pressures {50 psi, 300 psi
and 550 psi for the RO) with and without ultrasonics, except at the maximum
pressure when no ultrasonice were used, a total of five sequences of tests.
The UF was not operated.

a. Flow surging at 50 psi showed moderate loss in flux (30 to 34%)
during the tests. Hand cleaning was required after this test. See Graph 4A.

b. Flow surging plus ultrasonics showed excellent results, 2 to 3%
flux loss at the end of thirty hours, and no special cleaning after the
run. -See Graphs 4A and 4B,

c. Flow surging at 300 psi also showed 2 to 11% decline in flux.
The post run chemical clean was acceptable.

d. TFlow surging at 300 psi plus ultrasonics was quite stable but
not as good as at 50 psi. See Graphs 4A and 4B.

Flow surges at 600 psi were stable, but due to some initial
fouling the flux was generally lower. Negligable flux loss occurred in
both RO-1 and RO-2. Hand cleaning was required aft:r this run.

Task VII (Revised) - Flow Surging, Ultrasonics.

The deleted portion of air surging, Task VII was replaced with
Task VII (Revised), forty hours of flow surging at 50 psi with ultrasocaics
and forty hours of ultrasonics only at 0 psi. This was the last sequence
of testing. See Graphs 5A and 5B.

a. Flow surging at 50 psi with ultrasonics gave very stable
results for about thirty-seven running hours (18% flux drop). See Grarh
5B.

b. Ultrasonics at 0 psi maintained a very stable run performance
for the first thirty hours, then dropped about 30%Z over the remaining test.
Both runs showed good stability if tied into a slightly different cleaning
cycle,

Total running time for all tests and cleaning was approximately 900 hours.

Conclusions

a. The following cleaning methods proved most successful in producing
a shallow permeate flux decline throughout the testing period:
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i. High Flow Velocity (7-9 ft/sec)
2. TFlow Surging (50 psi - 300 psi)

7 Flow Surging With Ultrasonics (50 psi) 3

b

4. Ultrasonics (0 psi)

5. Continuous Air (300 psi) + "trasonics (0 psi)

6. Continuous Air (300 psi)

B it

b. The following cleaning mcthods proved most successfnl in producing
a cleaning effer* comparable to chemical cleaning procedures thrcughout E
the *esting period:

T T

1. Co.ninuous Air (600 psi) + Ultrasonics (0 psi)
2. Ultrasonics (0 ps. - 30 psi) E

There are several non-chemical means of maintaining counsistent membrane
performance in grey water (galley, laundry and shower composite feed) pro-
cessing.

c. The specific means of processing seem to be somewhat pH sensitiv~. E
Three ranges of pH (4-5, 6-7 and 8.4) were used and general RO performance
seemed better in the pH 6-7 range, but no effort was made to optimize pH
in these tests. The UF performed best in the pH 8.4 range.
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d. High velocities, in the range of seven to nine feet per second, gave
superior performance compared to lower velocities in nearly all respects.
Some improvements could be made in the module design to minimize dead flow
space and center the tubes uniformiy in the flow path. The single tube unit
has slightly better flow distribution, and thus is more effective in lower
velocity ranges. The turbulators used in the early series of tests lost
their efficiency when velocities were over seven feet per second. Build-up
of eddy currents behind the wire caused noticeable fouling at 8-9 feet per
second.
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e. Ultrasonics., either alone or with other cleaning mearns, showed
generally good cleaning cliaracteristics. There was no effort to optimize
the ultrasonics design in this project. The side mounted transducers and
the end mounted units both seemed to clean comparably over the whole test
series, one slightly better under one set of operating conditions than the
M other. Following are the suporior ultrasonics modes:

WY

Hn

1. Ultrasonics at 0 psi, no flow, plus periodic cherical (every
6-8 hours) clean.

2., Ultrasonics plus flow surge at 50 psi and high flow.
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The other modes of cleaning which appeared to be very good were continuous
air fzed at 300 and 600 psi with and without ultrasonics for the RO units,
plus “Yemical cleaning every 6 to & hours. Continuous air feed without
ultrasonics seems to require significant hand cleaning when fouling occurs
which makes it less desirable than the ultrasonics modes above.

It is possible that at optimum pH and flow, the system would operate
consistently with only one chemical cleaning per day, using either the 50
psi flow surge plus ultrasonics or the 0 psi ultrasonics. The curves on
50 psi flow surge are all more stable than the O psi tests, and would be
the first system to recommend. Any future system should be designed for
accomodation of air, flow surge plus ultrasonics, thus enabling proof
testing over a longer time run than this tast series could cover.

Recommendations
The following are recommendations for future development:

1. An optimization study of the membrane module should be conducted.
Because of the severe fouling characteristics of grey water such a system
must be a tubular design, in order to permit effective cleaning throughout
the membrane life cycle. This test program evaluated externally pr.ssurized
tube but internally pressurized tubes as well as inside-outside pressurized
(pat. pending, W.E.T., Inc.) tubes could also be tested. The primary
advantages of the inside/outside tubular configuration is that pressures
higher than other configurations (e.g., internally pressurized tubes,
spiral wound and hollow fiber) can be used while increasing packing density
by 50% to 70% over the externally pressurized tubes and as much as 115% over
the internally pressurized tubes.

2. The ultrasonic cleaning conducted during this test program indicated
a great potential for physical cleaning of membranes in-situ. Optimization
of this system would be necessary to realize this potential.

3. The iron materials, however few, caused cleaning difficulties
above and beyond what was anticipated from the grey wastewater feed source.
No iror should be allowed in future system materials. Bronze, stainless
steel and fiberglass reinforced materials would be sui. ble for high
pressure elements, plus PVC for low pressure pipe and fittings.

4, As a result of the membrane cleaning test program the best results
were received using a cleaning procedure as follows:

&, Flow surging with ultrasonic cavitation occurring at 30-60 psi
or Ultrasonic cavitation alone at O psi or 30-60 psi. -

b. At the end of the daily water production quantity (e.g. 20-22
hours), a chemical cleaning solution is used consisting of Type 1 military
detergent (500 mg/1), EDTA (500 mg/1), commercial enzyme (100 mg/l), sodium
hypochlorite (100 mg/1l), adjusted to pH 6-7. This cleaning sclution will
be recirculated for 1-2 hours and allowed to sit +n the modules until the
next day's start up.
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TEST PROGRAM

Test Configuration

The test system for this program consisted of both contractor furnished equip-
ment and Government furnished equipment, arranged into two primary subsystems;
the Membrane Processing Systems and the Ultrasounic Systems.

i. The Membrane System consisted of a common feed and flush section and
three separate membrane loops as follows:

a. RO-1 was a single tube reverse osmosis loop, suitable for pressures
to 1000 psi. This loop had both a 4 gpm and a 4.5 gpm pumping unit with suit-
able control. Both pumps were supnlied from a common header and pump discharge
went intc a common discharge header connected to the module. Flow rate was
regulated by using one or both pumps (P-2 and P-3 or both in parallel). Pres-
sure control was via a ball by-pass valve and in parallel a spring balanced
pressure control valve. Pressure drop was measured across the R. 0. module.
Flow rate (concentrate, was measured by use of the sample valve which was used
when the concentrate return valve was closed. The membrane module consisted
of three 1" OD stainless steel "U" shaped tubes, each containing two 5/8" OD by
36" long externally pressurized membrane and core assemblies in eachzleg of the
"U" tube. Therefore, six square feet of membrane surface area (1 ft“ per leg of
the "U" tubes) was enclosed in this configuration. Permeate was collected by
polypropylene tubes connected to headers at the open end of the "U" tubes which
drained into a common permeate tank. Samples and flow rates were taken from
each of the six permeate tubes. Ultrasonic transducers were mounted along the
sides of the legs of the membrane module "U" tube legs. (See Figures 1 and 2)
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b. RO-2 contained seven tubes within a single pressure vessel
unit which is a production size module. This unit was also supplied from
the common header. The main pressurization pump, P-4, provided approximately
20 gpm feed to the circulaticn pump P-5. The circulation pump was a "canned"
submersible pump suitable for continuous operation at 660 psi @ 200°F. Circu-
lation flow rate was regulated by a ball valve on the discharge side of this
pump, and the flow rate was determined by measuring the differential pressure
across the pumps in conjunction with the pump performance curve,
The membrane module was a 2%'" OD schedule 40 stainless steel pipe with seven
sets of two 36" long membrane tubes, totaliang seven square feet of membrane
surface area. Permeate from each tube set (2 tube) was collected through a
polypropylene tube which discharged into the common permeate tank. Samples
and flow rates were determined from these permeate tubes. System pressure was
maintained by a high pressure ball valve. Concentrate discharge rates and
samples were obtained by opening the sample valve.and shutting the concentrate
return valve. The ultrasonic transducer was secured to the end of the module
as shown in Figure 1.

c. The ultrafiltration module was a seven tube module unit similarly
configured to RO-2 except that the pressure vessel was plexiglass and the per-
meate was collected from a single tube cutlet. From the common feed header the
feed was supplied into a multistage boost pump, P~6, capable of 5 gpm @ 100 psi.

A by-pass valve around P-6 was used to regulate feed rate and
pressure. The feed then went through a circulation rate control valve and
finally to a circulation pump. P-7 (identical to P-5). Circulation rate wzs
controlled by an inlet valve on P-7 and was determined by measuring the dif-
ferential pressure across pump P-7 in conjunction with the pump performance
curve. Concentrate flow rate and system pressure were regulated by a back
pressure ball valve and the by-pass valve around P-6, operated simultaneovsly.
Maximum system pressura, due to temperature and stiress considerations, was
125 psi. Samples and concentrate flow rates were obtained by opening the sample
valve and securing the concentrate return valve. The ultrasonic transducer was
end mounted as was RO-Z.

d. The common supply from feed or flush tanks was regulated by manual

valves at the base of the tanks. The feed went past the temperature well
to the self priming strainer

pump P-1. This pump strainer was 3/16 mesh to prevent pump and valve plugging.
From pump P-1 feed flowed either chrough a Laval centrifugal type separator or
directly into the system. (The separator was removed during the last two months
of testing due to the large amounts of iron it put into the system). As air in-
jection line was secured down stream from the separator to allow air feed ~uring
the testing. A sample line wzas secured to the discharge of P-1.

e. Materials were as follows:
(1) Low pressure piping - PVC and polypropylene tubing.
(2) RC-1 high pressure tubing 304 and 316 stainless steel.

(3) RO-2 high pressure pipe 304 stainless steel.
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(4) UF piping PVC and 304 stainless steel.

(5) P-1 plastic and stainless steel.

(6) P-2 304 and 316 stainless steel.

(7) P-3, P-4 nickel plated iron and stainless steel.

(8) Pp-5, P~7, P-6, 304 stainless steel, cast iron pump and motor
ends, Moryl plastic impellers and diffusers, 416 stainlesz steel shaft.

(9) Laval Separator is steel.
(10) Low pressure valves are bronze and PVC.

(11) High pressure valves are bronze and stainless steel.

2. The ultrascnics (GFE) were arranged into two loops, one for RO-1,
the second for RO-2 and the UF.

a. The RO-1 ultrasonic system consisted of three fixed frequency
ultrasonic generators wi:h Variac input voltage supplies to regulate output

power levels. Each generator supplied ultrasound to a set of transducers
mounted on one of the RG-1 "U" tubes as shown in Figure 1.

b. The R0O-2 and UF ultrasonic system utilized an EIN ultrasonic gen-
erator vith extended capabilities in frequency and output plus ancillary moni-

toring and distribution units. This power supply drove the end mounted trans-
ducers for both RC~2 and the Ut loops.

3. Test monitoring equipment included Balsbaugh pH and conductivity mon-
itors, various graduate cylinders and stopwatches. and laboratory thermometers.

The test system was set up April-May of 1977, and checkout started in June.
All systems were fully operational in August 1977.
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APPENDIX A

FIGURE 1 TEST LAYOUT

FIGURE 2 FLOW DIAGRAM
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TEST DATA GRAPHS
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LEGEND
Hand Cleaning

Chemical Cleaning

Ultrasonic Cleaning

Flow Surge Cleaning

Flow Surge wich Ultrasonic Cleaning
kO-1 Single Tube Reverse Osmosis Module

RO-2 Seven Tube Reverse Osmosis Module
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TABLE I

SUMMARY OF TEST MODE RUNS

T MODE START AVE* END AVE*  FINAL GFD REMARKS
GFD GFD INIT%AL GFD
Task 1
Laundry RO-1 27.9 21,7 78 Baseline, rno cleaning
R0O-2 20,6 15.3 T4
Ur 15.5 12.5 81
Galley RO-1 30.8 22,6 73 Baseline, no cleaning
RO-2 19.6 16.3 83
UrP 17.2 15,8 92
Shower RO-1 No test, motor failed
RO-2 27.9 27.5 99 Baseline, no cleaning
UF 27.6 2k .9 a0
Composite  RO-1 28.4 24,0 85 Baseline, no cleaning
RO-2 17.8 11.8 66
103 12.4 9.3 75
Task 3
Composite  RO-1 40.6/12,1%%1G,3 /7,9%% 25 /71#% Chemlcal clean
Low RC-2 28, /11,4 4.¢f 2,5 14 /22 Low flow
UF 22.9/12,8 10.2/ 12,1 4595
Medium RO-1 33.3/13.0 8.6/6,5 81/50 Chemical clean
RO-2 19,0/20.2 8,6/14,7 48/73 Medium flow
UP ;2.6/#.0 14,1/23.0 104/+575
Hich RO=1 JR/1L L6 24 . 7/11,1 71/75 Chemical clean
RO-2 27.2/32,0 23/21,2 85/66 High flow
UF 24,5/29.8 17,7/6.0 72/20
Task 4-5
Composite 3 RO-1 38.9 35.5 91 Ultrasonics, RO=-1
All flows,
RO-2 27.7 26,8 97 High flow RO-2
UF 3.7 3.0 81
UP 32,0 15.0 47 New membrane
Composite RO~1 20.9 12.0 57 Ultrasonics 500 PSI
RO-2 29.8 12.1 4 " nou
UP 3.5 6.0 171 Ultrasonics 110 PSI
RO-1 32.4 15.4 48 Ultrasonics 50 PSI
RO-2 26.5 16 8 3
UF 15,1 5.0 33

* Pirst two hours average or last two hours avera
## Pirgt run low pH= 6.7/6.8, Second run high pli=

29

N e 1 O 2 o

S,

w2l .

e s

J faitoi

5 IR A sl s . A b5 X

W R A AT Do b, 6

oL




R
BTR TR S et S i LSS R R e e e e Aty P e s g e

TABLE I z
cont, 4
Tael MODE START AVE END AVE FINAL GFD REMARKS . E
GFD GFD DJIT;AL GFD :
Task B 3
Composite  RO-1 26,1 28,0 107 Continuous air & Chem.cal 3
RO-2 31.7 32.6 193 E
UP 9.3 o7 57 z
RO-1 21.7 13.4 62 Continuous air & US - 3
RC-2 26.6 18.1 68 @ 0 PSI 3
UF 5.0 3.3 66 3
RO-1 37.5 31.6 84 Continuous air a
RO-2 41.9 31,2 T4 6 300 PSI 3
UF 10.1 4,5 45 E
RO-1 29,0 18,5 64 Continuous air 300 PSI
RO-2 33.6 16.3 57 US @ 0 PsI 3
UR . 1. 34 3
Task 7 3
Composite  RO-1 18.8 T.4 39 Air surge 20 PSI 3
RO-2 15,1 3.5 23 (2 hand clean) 3
ur 1.6 5 31
Task 9 §.
Composite  RO-1 14.6 9.6 66 Flow surge @ 50 PSI 3
UF 3
RO=-1 18.0 17.5 97 50 PSI flow surge & 3
- RO-2 1842 15.8 98 US @ 50 PSI * g
UF g
RO-~1 17.4 17.1 98 Flow surge @ 300 PSI 3
RO-Z2  13.5 12,0 89 3
UF 3
RO-1 13,0 11,0 85 Flow surge @ €00 PSI g
RO-2  10.8 8. 81 5
U
RO-1 16.0 14,0 88 Flow surge @ 300 PSI - b
RO-2  13.3 7.8 59 Us
U
Task 7 3
Revised RO-1 19.6 16.1 82 Flow surge 50 PSI & 3
Composite  RO-2 14.9 10,8 72 Us E
RO-1 15,6 9,8 63 UsS @ 0 PSI 3
RO-2 11.8 8.1 69 3
£ 30
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TABLE 2

DESCRIPTION OF TEST MODES

Baseline with no special cleaning 20 hours
A, Baseline- Laundry wastes only 1
B, Baseline~ Galley wastes only 1
C. Bagseline- Shower wastes only 1
D. Baseline- Composite of Laundry, Galley, & Shower 1

Note 1 : Table shows details of specific streams and
composite streams., All subseguent runs were
composite waste only,

Convert to utilize Ultrasonics in tests -

Circulation ratzs Tests 130 hours
A, 25 GPM RO..2, UP; 3.1 GPM, RO-1, Low flow rates
B, 50 GPM RO-2, UF; 3.4 GPM RO-1, mediux flow rates
C. 71 GPM RO-2, UF; 3.4 GPM RO-1, High f'low rates

Ultrasonics Baseline 136 hours
A, 0 psi, no flow plus Ultrasonics
B, 504GPM @ 50 psi plus US RO-2, UF, 3.4 GPM RO-1
C. SO&GPM @ 550 psi EO-2, 3.4 GPM @550psi RO-1, 50 GPM
€ 100 psi UF plus US

Chemicsl Baseline, Minimum Pressure 134 hours
Three Chemical Analyses- Concurrent with Tasks 3-5

Alr Surge Cleaning 148 hours
A, Alr surge © 0 psi or minimum pressurc
B, Air surge ¢ aminimum uvressure plus US
C, Alr Surge @ 300 psi
D, Plow surge @ 50 psi plus US *
E, Ultrasonics & 0 psi, no flow *

* Heplace Air Surge lestis

Continuous Air *low 140 hows
A, @ 300 psi
B, @ 300 psi plus US
C., 600 psi
D, 6 600 psi plus US

Flow Surges 144 hours
. Minimum pressure flow surge

. Minimum pressure plus US

. 300 psi Flow surge

. 300 psi flow surge plus US

. 600 psi flow surge

HMoOWw>

. Test time 862 hours

BUN_& CLEAN TIME
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: TABLE 3
4 COMPOSITION of WASTE STRZAMS

% _ Shoyer Laundry Skrean Galley Composite

? Detergent Type 1 l 433,0 157.5 176.4

; Kaolinite © 6.2 100,0 34.73

; Na,C03 3#H1.0 109.1
Urea .3 13.6 b, 53
Vegetable Cil 136.2 12.5 46,6
Soap 22.5 9.9
NaCl 27.1 11.9
Scouring Powder 32.6 15.8 18,14
Hair Oil 51.0 22,4
Hair Gel 12.1 5.3
Shampoo 1.6 o7
Toothpaste 12.1 5.3
Deoderant .3 .13

% Mouthwash .6 .26

é Grease 8.4 2.0

. Dog food 100,0 24,0
Soap Grit b4 1.1
Insect Repellant .2
Water 180 gal., 180 gal, 180 gal. 180 gal,

Ingrediants in grams unless otherwlise stated

32
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APPENDIX D

SUMMARY OF FLUX AND REJECTION RATES
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RO-1 RO-2 UF
m & REJ FLUX % REJ FLUX % REJ FLUX |
8-1-77 - 50  49.0 54  27.5 20  24.3
Task 1 | {
Shower ‘} . 65 48.6 32 25.0 9 22.1
_. 55 25.4 18 21.4
: 58 25,0 27 20.1
62 25,0 20  20.1
65  29.8 0o 28.7
b £ 22277 11 29,3 56 21.1 22 16.0
E %Egﬁdiy 50 26.6 T2 20.2 13 15.0
' 41 24,9 72 19.4 17 14 .4
E : 4~ 201 72 16.7 17 13.2
: 43 19.3 63 16.7 20 12.1
43 24,1 63 13.9 20 12.9
16 32.0 27 20.1 5 20.2
35




RO-=1 RO-2

n % REJ FLUX % REJ FLUX % REJ FLUX

32° 334 50 20.7 11

25 28.2 50 18.4 5

' 28 26,5 50 18.6 Y

2> - 25,1 45 17.0 5

30 22,7 45 16.4 5

30 22.6 45 16.1 5

26 34,0 37 263 15

: 8-26-77 ? 42 27.3 54 20.2 22

2 —sk 1 36 29.5 52 15.3 20

| Compostt 28 29.7 50  12.6 8
s 25 26.4 54 12,7 17

22 23.7 50 11.7 13

22 ’ 24 .4 50 11.9 13

3 20 34.2 45 19.4 0

36 ’

o RIS SR

18.5
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16.0
15.2
16.1
15,6
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o RO-1 RO-2 UF
zﬁgg . ;;{ € REJ FLUX % REJ FLUX % REJ FLUX
9-19-77 ] 43 39.6 46 26.8 14 4.7
Task III 32 41.6 46 29.3 11  21.1
.36 39.6 46 26.8 0 22,7
36 38.0 46 28.6 0 23.2
34 37.2 46 27.0 0 22,8
32 36.7 a6 28.0 1 21.8
. 30 35.9 45 28.6 1 21.9
§ 32 36.2 46 26.9 0 18,6
; 3€ 34,7 48 28.2 0  19.6
9-20-77 39 8.7 50 274 7 18.6 f
-k 111 32 33.7 16 26,0 13  18.4
50 33.0 48 26.7 8 16.9
33 32.7 51 26.0 3 17.2
39 32.4 50 25.6 9 15.9
32 33.3 48 25.8 10 18,0
38 29.2 50 25.0 8 16.6
46 31.6 55 24,6 14 16.6
37 30.2 51 24,6 18 15,5
4y 31.1 54 24,4 14 14,5
39 27.7 50 21,2 12 17.3
36 27.0 52 23.2 6 17,0
z 36 26.2 49 20.9 10 15.8
E 37
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‘ RO-1 RO-2 ___Ur
»aTE . y & REJ FLUX % REJ FLUX % REJ FLUX
9-21-77 15 30.8 22,9 1o 14,5 !

Task III 24 15.7 44 18.9 15 13.9

| L4 15,6 42 17.3 16 11.9
- 28 11.8 51 18.6 14 13.0 %
17 10,2 53 13.8 17 12.7 %
; 12 5.9 50 13.6 14 12,6 %
Z 8 4.5 48 8.2 9 12,1 é
: 52 8.2  u4 17.3 8 16.2

% 52 6.5 44 10.3 15 13.9

59 5.8 44 10.8 15 12.7

52 5.1 48 7.8 15 13.5

- 46 7.9 46 13.4 4 13,4

» 50 7.6 48 12.2 4 12,2
é 52 7.4 148 9.2 14 12,5 ?
% 50 7.25 43 10.2 11 12.1 %
48 8.0 46 9.3 10 11.7 é
50 8.0 46 10,2 10 11.6 |

50 T.4 46 9.57 4 11.4

50 7.1 46 9.36 4 11.1

50 7.2 46 8.7 4 10,6

38 /




DATE
T9-22-77
Task III1

9-27=-7T7
‘ask III

39 .

D e W U G TS G T S GO W D GO D D WS WD G S G WD D ED A b A G A D G S GP P YU D ML G GV S VI T G0 AP A GBS R SR G P D P G A P G AR S S ED ER G v ) G S B W (P w4

RO-1 RO-2 UF

& REJ FLUX % BEJ FLUX % REJ FLUX
54 12.7 38 14,25 4 12,8
63 10.4 50 12.3 20 11.8
61 9.1 44 9.6 15 11.0
61 9.1 48 9.3 11 10.9
'59 9.4 50 . 8.9 4 10.3
56 7.7 52 7.6 8 10.1
15 8.2 50 4.1 12 10,1
63 9.3 50 5.2 10 10.1
50 11.3 50 2.7 11 10.3
4o 15.8 25 32.0 13 28.3
45 16,1 27 32,6 10 27.5
40 16,5 21 35.3 6 27.3
43 16.0 28 35.1 15 27.2
47 16.1 31 28.5 22 22.3
51 15.9 36 33.7 28 19,2
42 16,6 16 33.0 7 19.2
44 15.3 29 31.7 9 19.3
43 4.1 27 31.7 3 19.3
by 13.7 22 30.7 3 18.4

_,»
N ,4’{’
gl
2o L g PO T R LT
e A S L M N ) 2 AN il kN L 0 P At A g s S IM! s i

A B Sb oa aechih




s SR A I S SR et

. -___RO-1 RO-2 UF
- DAIE_ % REJ FLUX % REJ FLUX & REJ FLUX
9-28-T7 46 13.6 24 . 29.6 5 17.8
“ask III 42 12,3 26 25.0 11 11.1
5 11.4 23 22.0 3 10.6
.37 14.0 24 26.5 5 13.8
) 43 12,6 31 23.7 10 12.1
40 12,6 31 23.4 17 11.3
49 12,8 38 23.9 21 9.7
40 12,2 25 23.2 12 6.9
51 9.8 37 23.8 45 6.5
48 11.0 29 23.1 14 5.3
34 19,4 18 25.5 21 4.0
41 16.6 29 23.9 e9 4.3
~ 33 14,4 24 21,5 23 4,0
34 12,9 20 21,4 20 4.1
38 11.6 22 21,4 16 4.1
38 11.8 16 20.8 16 4,1
47 1.2 18 21,0 18 4.0 ;
40 10.3 18 21,7 13 3.8
41 9.6 21 20,0 18 3.6 é
40
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T DATE
9-29-77

Task III

RO-1 RO-2 UF

'%4 REJ FLUX % REJ FLUX % _REJ FLUX

41 8.7 18 18.7 15 3.0

43 T4 20 175 10 2.6 )
39 10.1 20 17.9 34 2.5 ;
4y 8.3 12 16.9  i0 245 f
46 749 12 16.9 12 2.4 ;
Ly 7.0 19 16.8 32 2.3 ;
44 6.7 18 17.1 18 2.5
48 73 20 15.2 18 2.1 ;
19 7.0 14 15,1 14 2,0
23 6.4 25 15.5 23 2.0 :
4y 15.5 11 19.0 4 3.8

44 15.3 14 10.3 16 3.2

46 15.0 19 17.7 18 3.1

43 14,6 18 16.6 15 3.0

49 4.6 21 18.2 15 2.9

41 14,7 15 16.4 13 2.8

L5 14,5 11 16.2 4 2.8

46 14,6 14 16.3 ~- -

L6 15.4 14 15.2

45 13.2 17 16.8

18 13.0 231 16,3

38 12.8 a7 14,9

41
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RO~-1 RO-2 UF
‘.125_'-!‘.-‘:3. % REJ FLUX % REJ FLUX % REJ FLUX
11-4-77 ' 75 21.7 79 30.5 18 3.6
i
Task IV, V | 75 20,1 79 29.1 18 3.5
US 500 psi ’
g— 76 21.1 79 25.1 17 3.6
; " 81 19.7 55 26,6 13 3.6
81 18.7 77 26,4 19 3.4
80 17.7 77 26,0 17 3.3
1 ask IV, V 79 311 79 32,0 21 4.0
US 500 psi
79 28.9 79 31.2 18 3.6

42




‘ RO-1 RO-2 UF
“DATE ( 4 REJ FLUX % REJ FLUX % REJ FLUX
11-10-77 “ 78 25,2 81 28.2 23 3.1
% Task IV, V ‘ T7 27.1 81 26.9 13 3.6
US 300 pel | 17 20.2 76 23.6 17 3.5
89 16.8 89 23.5 23 3.5‘
89 13.1 95 22,0 23 3.1
86 34,0 91 26.7 10 3.2
90 30.5 93 26.8 28 3.1
g1 28.8 - 93 25,9 30 3.2
91 7.4 94 24.9 28 3.
72 27.6 72 22.9 0 3.0
81 29.2 81 23.8 13 3.3
90 28.2 94 23.2 13 3.3
N 81 24,9 8 22,2 16 2.4
81 23.6 81 21,2 13 3.3
82 21,9 82 20.8 13 3.1
77 27.7 81 21.2 16 3.3
g1 25.8 81 20.4 13 3.0
T 43
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RO-1 RO-2 UF

E LATE % REJ FLUX & REJ FLUX % REJ FLUX
i 11-15-77 -{ 61 - 40,0 70 37.3 9 4.3
F 3gsgp§¥." i 72 37.8 79 27.7 18 3.1
Z‘ | 76  33.8 76 26.6 15 2.9
78 32,5 (4 31.2 15 3.0
' 76 28.9 173 28.3 13 3.2
g 78 27.0 79 27.3 20 3.1
79 23.6 77 25.6 18 2.8

76 - 23.4 79 25.7 18 3.2

80 21.9 80 L.y 23 3.0

78 20.6 78 23.5 15 3.1

78 20.3 78 23.1 15 3.1

76 20.3 79 22,8 18 3.0

15 19.9 79 23.3 18 2.9

76 . 25.5 79 306.2 18 3.2

76 25.1 79 29.8 18 3.2

76 b0 70 30.7 14 3.4

75 37.5 79 30.8 14 3.1

75 3.1 79 29.7 11 3.0

! 75 2.4 79 28.9 14 3.2

7T 31.0 81 28.1 20 3.0

79 27.7 81 28.5 16 3.0

79 25.3 80 25.9 21 3.0
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RO-1 RO-2 ¢
“DATE g REJ FLUX % REJ FLUX % REJ FLUX
11-18-77 | 75 32.8 78 30.1 4 31.9
P oopet’ | 79 33.0 79 29.6 4 32,
] T4  31.8 78 29.0 0 30,4
.79 275 79 271 O 25,7
47 50,9 T1 40,6 9 3200
61 39.3 79  31.2 0  30.5
7 35.7 80 30,1 10  27.1
77 30,9 8  29.5 10  27.1
7 27.0 81 27.6 10 18.3
T .26.2 67 26,6 13  17.9
’ 67 32.5 67 29,1 10 20.5
_ 7T 30.8 8 27.6 10  20.0
75 333 79 290 4 23.7
11-21-77 75 3.8 79 28.3 2 22,4
08 opst” 75 26.4 79 25.5 y  20.1
3 5 233 79 250 4  18.4
H 29.6 77T  25.6 4 17.2
6  25.6 79 24,5 T  16.1
77 23.2 81 24,0 13 15.6
77 1.7 81 23.8 13 14.8
6 37 79 27.8 T 14
T . 33.9 80 26,2 10  15.6

B0 OV D e P D B S T S G W SR G G5 2 ey D D G e St G B BN G WD S} WIS IS W A Fie Wi 3 WD CED W W Gx) GOy i TS AP D WSS T WD AP EY @ P W b W T mE G G b S G D T G TP P GO W WD G e
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RO-1 RO~2 gF
—DATE % REJ FLUX % REJ FLUX % REJ FLUX
11-22-77 78 29.9 75 26.4 5 14,7
Task IV, V | .0 26 .6 " 15,5
s 50psi % 65 35 80 10 5
79 31.9 79 25.3 6 14,5
| . 81 28.2 8o 26,8 16 13.8
: 80 26.8 g 26,3 12 13,2
% 64 41.4 178 28.8 I 16,3
T 80 35.1 8o 27.1 10 14,1
81 33.4 g1 26.3 16 13.6
78 33.1 81 24,8 13 13.5
11-23=T7 81 31.6 81 24 4 13 16.0
Task IV,V
15750 pa 65 32.7 81 27.6 3 15.9
4 77 29.3 81 26.1 3 14,2
11-28-77 T4 33.2 78 27.6 y 17.8
Task IV, V
US 50 psi 73 36.0 77 28,2 12 16.0
78 23,2 83 24 .4 5 14,0
71 17.4 76 22,5 0 12.6
80 16,0 84 32,5 2 12.7
78 13.6 87 19.2 S 12.1
63 17.7 78 19.4 0 11.6
46 ,
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RO-1 RO-2 UF
»TE - °:  SEREJ] FLUX ®REJ FLUX % REJ FLUX
11-29-77 ' “ 78 15.6 89 16.9 T 9.4
%gslston;’;éiv i 92 6. 87 18.9 2% 10.5 %
56  19.5 78 20,3 6 9.5 ¥
. 78 16.7 88 20,1 9. 9.8 %
78 14,7 87 1T.4 ¥ 9.0 '

64 16,9 79 187 14 7.0

79  15.2 89  15.0 7 8.9

79 14,3 g9  14.5 7 8.3

59 16.4 78 18.2 5 8.3

ORI A S G GO S D ) T T A A T P R PGP ED Y D G T D I OB CR D G T S WD D N WD S G G B G W VI GD D D WS WD WD =

11-30-77 _ 54 22.7 78 19.5 7 6.8
~rask IV, V 79 20,¢C 86 16.3 14 4.8
US 50 psi

4 67 19.7 79 17.9 13 4.9
81 17.3 88 18.1 15 5.0
3 68 19.6 81 18.5 16 4.9

12-1-77 79
Task IV, V
US 50 psi 75




— TS LTS - L F

TS o e A R >:£m;‘m»r,m B _ﬂﬂ.h;emw‘_/ s Snps AL T = ST e A2

RQ-1 RO-2 UF a
,.)_QP_:_ 4 REJ FLUX % REJ FLUX % REJ FLUX :
12-20-77 " 65 2.2 79 36,8 10 9.8
ggiléi‘!ﬁlc;us Air & 20.0 7 26.6 10 8.8
600 psi 79 20,8 78 26.3 9 8.2
. 93 15,6 87 23,2 8 7.3
3 88  .13.3 83 21.7 9 7.7
86 12,4 86 25,4 6 5.1
88 12,1 87 25,4 8 7.0
89 10,8 83 24,4 6 4.6 3
90 10,5 85 23.1 8 6.7 ;
92 28.1 87 33.8 8 6.3
9l 25.4 89 33.1 7 5.6
et TTTiee 1s 155w se
ggsgogvggi 79 T g 15.2 18 5.1
62 20.9 78 18.7 13 5.1
78 13.7 <8 16.1 13 5.1
i 79 12.9 79 15.3 18 5.1 é
79 12,7 79 15.0 15 5.9
78 12.1 78 13.7 14 6.0 1
75 12.5 79 13.8 7 6.1 ?
g 1.5 gg 104 . ;
]
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RO-1 RO-2 UF
._gégg, % REJ FLUX &% REJ FLUX % REJ FLUX

12-21-77 i 93 27.1 86 35.8 18 Tl
Task VIII , \

Continuous Aiy 9l 23.9 87 32,6 12 4,2

600 psi ' :

95 23.6 88 29.9 21 4.3

© 95 21,0 88 28,1 18 4,0

82 19.2 79 25.3 9 5.4

86 28.6 80 36.2 4 5.1

83 26.7 81 32.3 14 4.9

83 26.4 80 29.8 11 5.3

83 27.2 8 - 31.8 19 5.3

83 26.4 80 31,0 23 5.1

83 25.6 80 30.4 23 4.8

83 24,3 80 29.8 20 4,6

- 83 - 23.9 80 28.7 20 4.5

81 29.1 78 33.8 22 5.3

83 28.4 80 33.2 23 4.9

83 27.7T 80 32.1 23 4.4

12-22-77 88 25.5 81 29.1 19 5.1

sk T s Alr 85 18,1 78 241 19 5.0

Sgoopzéi 89 13.1 74 20.1 19 4,7
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RO-1 RO-2 UF

LG LAY v e i A L R O R

_JATE 4 REJ FLUX % REJ FLUX % REJ FLUX
. 12-23-17 | 81 19.8 81 30.9 13 4.9
5 Task VIII | 84 18.0 81 29,9 16 .6
Continuous Air ,
600 psi 81 17.8 81 28,5 16 46
US 0 psi
' 81 20.3 @& 31.9 13 4.4
84 19.5 77 31.3 13 L.y
84 18.9 77 30.6 13 4,1
84 18.4 8 28.9 16 3.8
Task VIII 4 19, 2. .
2ontimixous Air 7 9.9 78 32.9 26 Bl
00 ps 18.2 .0 .
US 0 psi > ™ 30 26 3.2
: T4 25,5 78 3,8 4 3.8
] 75 22.7 79 30.6 11 4,1
12-28-77 79 23.6 75 31.5 18 2.8
Tagk VIII )
; gontinuous Aipr 8 4.2 TH 32.2 0 243
E 00 psi
] R o 81 22,3 78 30.9 53 3.9
81 19.6 81 29,0 0 3.8
81 17.6 81 25.8 0 3.5
31 16,7 78 25.1 13 3.7
81 15.5 77 22,8 30 3.2
81 15.4 77 22.6 23 3.6

50




_ RO-1 RO-2 UF
x;gg_ L £ REJ FLUX % REJ FLUX % REJ FLUX
12~29-T7 | 78 17.0 74 19.8 22 3.5
sk T aip 78 18.6 74 21.3 25 3.1 |
ggOOP;;i 79 14.2 79 19.4 22 3.2 z
. 80 12,1 77 18,7 0 3.4 ;
80 15.0 77 19,9 10 3.5 §
80 11.7 77 16,3 3 3.1 ?
1378 _ 77  38.6 8  43.9 10  10.2 i
Task VIII 81 36.5 81  40.0 13 9.9
Continuous Air ) . )
300 psi ! 81 33.3 81 40,0 13 8,8
' 81 30.4 78 35.7 13 9.0
7 44,2 81 54,5 13 9.6
~ 78 28.3 78 33.7 1 8.5
81 28,0 78 30.3 13 7.4
1-4-78 T 3/ 1T 285 16 6.9
| Contizuous Alr Mook TT o 264 13 6.3
1300 psi 7T 33.2 77 25.9 13 6.4
7 2.1 77 25.3 13 6.2
7 28.3 77 24.6 13 5.7
: 82  27.5 79 241 18 5.5
78 29.1 78 33.2 13 6.0
80 28.3 80 32.0 20 6.1
79 28.3 79 32.3 6 5.8
79 27.1 79 32,3 21 6.1
79 28,3 79 34,2 8 5.8

L e Y e il i et Ll T T T YR
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| RO-1 RO-2 UF

gégg o Z REJ FLUX % REJ FLUX % REJ FLUX
é 1-5-78 { 77 31.1 77 5.4 10 5.4
E Continuous ALy g 303 8 339 10 2+l
: 300 psi T 29.8 77T 32.2 13 5.2
» . ' < T7 31.7 81 31.7 10 5.3
81 30,1 81 30.8 13 A
ﬁ 81 28.8 B8 28.6 13 5.0
; 7 27.6 17 36.3 13 5.4
% 81 33.4 7/ 33.4 10 5.6
t 81  29.8 77  30.8 7 5.5
% _6-78 82 30.0 82 33.8 6 5.9
: cosk T ip 80 28,1 80  33.2 6 5.6
g 3200 s 83  25.4 83 3.5 5 47
f 83  26.8 83 32.7 5 4.6
g 83 26.8 83 32,9 6 5.2
" 82 25.6 82 31.6 6 4.7
82 29.5 82 32.1 5 4.3
80 27.7 81 26.7 14 4.0
80  25.5 8 27,0 8 4,2
82 24.8 83 23,9 13 4.6
81 23.0 83 23,1 12 4.2
83  22.7 8 22,3 9 4.3

83 24,7 83 2T.7 19 4.4 '
83 240 8  27.2 17 4.4

L L R N Y L Ll )




C RO-1 RO-2 UF
1_)_4'_13_2_ oy { £ REJ FLUX % REJ FLUX % REJ FLUX
i 1-9-78 ' 75 241 75 22.9 4 3.9
; Task VITI 75 233 75  21.6 b 3.
% Comtimious Mir| w6 m me k3
US 0 psi 74 22,6 TH 18.9 4 3.6
66 27.5 719 2b7 2 1.8
77 23.3 79  21.5 2 1.8
78 214 80  20.4 2 1.9
78  19.2 78  18.2 2 1.8
79  19.3 &I ces ' 1.8
] 79 18.4 8L 17 > 1.6
75 21.0 75 20 2 1.4
_ 75 194 75 20,2 2 1.k
78  17.5 78  18.3 -2 1.4
C1a6-18 26 174 26 135 -
50 psi 79 = 11.6 77 12.7
77 1A 7 1247
78 1.2 73 11.3
81 9.6 76 10,5
81 9.0 74 9.7
g8 7.0 74 8.9
81 7.0 78  B.4
. 81 9.1 78 9.5
_ ) 81 7.9 78 9.1
§ 81 7.0 78 8.6
- | 81 9.3 78 9.3
|
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RO-1 RO-2 UF
DATE % REJ FLUX % REJ FLUX % REJ FLUX
g 1,~10-78 81 18.8 T2 16.5 28 1.8 i
% f?ikinie 79 18,9 T4 13.5 30 1.4 i§
: 77 19,1 77 15,0 11 1.1 .
% . 80 22,2 80 25.1 11 1.5 ;
% 82 21,7 82 24,2 16 1.5
1-11-78 81 23.1 g 24,3 9 .90
Task VII 81 20,1 g 23.5 8 1.25
Alr Surge 83 17.7 83 2l 1y la1
85 19.0 g5 21,6 g8 1.3
8l 21.5 g3 19, . 1.5
85 17.6 g 16,2 o 1.19
4 - 85 16.2 g3 11.6 15 1,14
85  12.5 78 9.7 13 1.4
4 86 15.5 gp 11.0 27  1.14 %
85 13.9 83’ 8.7 28 1.06
b 8l 14.8 7y 9.6 18 1.06
83 13.1 75 9.0 20 .79
77 11.6 g3 8.2 L
79 1.9 5 9.6 o .75
85 10.4 75 7.2 23 .75 !
8y . 10.0: g5 8.6 19 75 j;
84 8.2 65 7.0 12 o715 i
84 10.6 g6 8.1 19 JTY "
84 8.9 74 6.2 17 .78 j
83 9.3 56 7.8 13 .70 :
B W n




RO-1 RO-2 UF
>ATE § REJ FLUX ® REJ FLUX % REJ FLUX

1-12-78 73 12.3 63 9.4 5 .6U

Tagk VII T4 10.9 92 6.5 18 .74

Air Surge ‘85 . 12.0 62 T 18 .65

- 85 10,0 67 6.2 21 T4

82 11.8 67 6.7 21 .78

85 9.8 67 5.5 21 .78

85 11.3 62 6.0 21 .83

81 ~ 10,5 63 5.9 11 .80

82 11.4 64 6.9 15 .1

82 . 9.9 54 4.9 13 .66

85 8.7 62 4.9 1 .66

_ 78 8.6 67 4.1 27 .69

1-13-78 78 12,1 37 5.9 0 .69

Task VII 75 9.6 k3 5.9 0 .54

] Alr Surge T 8. 44 5.3 0 .50
7 7.0 66 4.8 3 46 |
g8 8.3 52 41 13,52




LnTE

1-17-78

Task IX
Flow Surge
600 psi

RO-1

& REJ FLUX
81 13.3
78 14,7
81 13.1
. 81 12.2
82 11.1
82 11.1
82 11.9
79 11.3
78 10.7
80 11.5
69 10,8
78 11.3
81 11.3
81 11.1
81 10.3
63 10.4
T4 11,0
75 11.1
81 10:0
81 9.6
81 10.6
81 10.9

RO-2

e A T

% REJ FLUX

T4
71
T8
T4
72
72
69
69

- 69

71
75
72
82
71
69
53
61
69
72
72
72

- 72

10.1
11.3
11.5
9.5
9.0
10,2
10.4
8.6
7.2

9.6
9.3
9.3
9.3
8.6
8.6
9.1
9.2
8.0
7.
P
8.5
8.8

% REJ FLUX




DATE -
1-18-78

‘Task IX
Flow Surge
50 psi

- 0
Y WD P G D A TS . D S T T W D P WD CD T LD WD W G G W ST A S P S WD S S G T G D S G D T WD GNP D S GNP e ) W G S0 WP W G WS UD AD WD A WD WS B =m G = G0

A A ————— A Ty 4 = 4 e e men

RO-1 RO=2
& REJ FLUX % REJ FLUX % REJ FLUX
88 11.6 g0 7.5
80 10.9 67 . 7.5
8y . 10.5 68 7.5

. 81 10.7 61 6.9
8y - 10.2 66 7.5
80 9.9 67 7.2
81 8.1 69 8.6
81 10.5 g9 8.9
81 8.2 68 8.4
82 9.5 €8 8.4
81 8.7 €8 8.6
81 9.0 68 9.4
81 9.1 68 9.0
81 9.7 68 8.5
81 3.1 68 8.2

57 '
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RO-1 RO-2 UF
i DATE " &REJ FLUX % REJ FLUX % REJ FLUX
: 1-19-78 57 18,7 57 15.1
i Task IX 81 17.7 8 15.4 '
?%O;sfu:ggs ‘B2 . 17.7 82 15.6
; . 80 17.7 80 16.5
E 81 17.7 81 16.7
g0 19.3 8  16.7
% 82 18.5 82 16.0
E 83  17.2 82 15.7
g 83 7.1 82 15.6
E 82 18,5 81 6.1
E g2 17.8 & 15.6
é _ 83 17.8 83 15.7
F 1-19-78 82 17.6 80 15,2
i gi’ﬁ}é grge 83 18.7 80 6

300 psi ‘s 18.9 8 13.0
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RO-1 RO-2 CF

DATE £ REJ FLUX % REJ FLUX % REJ FLUX
%;53723 80 17.2 77 .15.1
g g%o;siu:ggs .79 _ 17.8 179 14.1
] g1 - 17.0 g 14,2
% © 83 18.4 gp 16.0
E ‘ ' 83 19.0 gp 16.3

83 18.4 83 15.9
383 = 17.2 83 14.5

i 8- 18.5 83 15.3
% 83 . 17.8 83 14,7
é 83 . 17.1 83 14,2
3 83 16.8 83 13.4

83 177 83 14.8
83 17.4 79 14,5
83 171 79 14,2
83 16.5 79 14,2
83 18.1 79 15.4 ’
83 17.7 179 15.4
83 17.1 79 14,8
83 16.5 179 14,3
83 17.7 79 15.1
83 it 79 14.8

59




oATE

1-23-78

Task IX
Flow Surge
300 psi

S G D D D T S D W B PO G D > W B D A D G Py G WY S WD s . iy S B S T WS G S WO G G G, G G WS A W WP e Wt D e WP B W W D W T VS o=

RO-1 RO-2 UF

% REJ FLUX % REJ FLUX % REJ FLUX
76 15.4 76 14.1

80 16.8 oo 13.7

80 16.0 o 13.3

80 16.6 oo 14.2

g0 4.1 g3 11.9

81 13.4 gy 11.4

84 14.6 gy 12.9

80 13.9 go 11.0

80 13.5 g 10.8

80 13.0  gg 10.8

8o 13.0 gg 10,3

76 16.1 77 12,4

81 15.5 go 11.4

81 15.6 g 11.9

51 15.5 77 11.7

81 15.8 77 . 11.6

80 15.5 go 11.9
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RO-1 RO~2 UF 5
DATE £ REJ FLUX % REJ FLUX % REJ FLUX
1-24-78 81 18.1 78  13.9
Tagk IX 81 16.9 78 13.0
300 oot &g 8 17.3 78 13,2
‘81 19.0 78 14,4
81 16.8 78 12,5
81 15.2 78 11,7
81 15.9 82 11.9
82 15,0 & 10.8
82 15.6 82 11,7
82 - 147 8 11.1 f
‘ 82 | 15.6 79 11,7 4
- 8 82 144 19 11,1
82 . 15.6 79 10.8
82 14.7 79 10,6
82 15.3 8 10,8
82 13.6 82 9.0
82 13.8 & 9.7
81 12,9 & 8.5
81 13.6 & 8.9
81 12,6 81 8.5
81 13.8 ‘& 9.6 !
82 12,7 B 7.8
82 13.3 8 8.4
‘: 61




DATE

1-25-78

Task IX
Flow Surge
300 psi w US

(LG R R L R i e R i e e A R R S O R it A e R R i bty i S Bt et
.

RO-1

RO-2

UF

% REJ FLUX

% REJ FLUX

% REJ FLUX

72 17.1
72 16.0
.16 16.0
76 15.9
6 15.5
72 15.1
T4 14.7
T4 14,2
74 14,2
74 14.2
75 - 14,2
75 13.9
79 14,2
& 13.9
79 14,2
79 14,2
78 14,2
78 13.9
78 14,2
8 13.9
78 14,2
78 13.9
78 14,2

73
70
82
80
80
80
76

T4
4
78

78.

75
75
75
75
75
75
78
78
78
78

78
78

62

7.9
7.6
7.9
7.6
8.2
7.9
8.2
7.6
7.9
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RO-1 RO-2 UF
‘DATE ' % REJ FLUX % REJ FLUX % REJ FLUX ;
1-26-78 79 18.5 75 _13.4 J
Tesk Ta 75 20,8 75  17.3
pragdird 78 189 T8  16.2
78 19.0 78 16.4
78 20.0 78 17.0
80 18.5 77 16.3
77 17.9 77 15.8 _,
T 115 17T 15.5
77 18.8 77 16.0
B0 - 17.h 80 15.2
79 . 16.8 79 14.7
- 79 16,8 79 14.7 |
F 79 .17.8 179 5.7 J
80 17.3 80 15.0
F, | 80 16.7 80 14,5 ]
79 16.7 79 14,5 ) ]
79 17.7 79 15.0 '
85 17.3 80 14,5
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wdATE
1-27-78
Task VII
revised

Flow Surge
50 psi w US

:.f‘..;-é.x._s%:@?‘
L

ST e S

RO-1 RO-2 UF
€ REJ FLUX % REJ FLUX % REJ FLUX
74 18,0 T4 14.9
79 17.4 79 141
81 . 17.5 81 14.6

. 81 18.8 & 14.6
79 17.2 79 14,3
79 16.9 79 14,3
80 16.9 80 14,0
80 17.5 80 14,6
79 16.7 79 14.6
79 16.7 79 14,3
79 16.7 80 13.5
79 17.3 80 14,3
80 17.1 - 79 14,0
79 16.7 79 14.3
79 16.4 79 14,0
79" 17.3 79 14.5
80 6.7 79 ih.3
64




RO-1 RO-2 UF
_IE £ REJ FLUX % REJ FLUX % REJ FLUX

1-30-78 40 18.3 72 | 11.8 \

Task VII .

revised 78 7.0 78 Lhd

Flow Surge ' ’ 17.0 13.0

50 psi w US 78 r.o 78 > o
78 15.5 18 13.5 _ |
78 16.4 g 13.1 i
78 16.0 78 11.2
78 16.8 g 11.7
78 15.3 78 10.1 |
78 13.1 78 11.1
78 14.6 g 9.0

1-31-78 65 - 16.7T 37 11.7

Task VII

o sed 78 14,4 78 9.9

US 0 psi 78 «13.8 80 8.3
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RO-1 RO~2 UF
% REJ FLUX % REJ FLUX % REJ FLUX :
i 2-1-78 82 16.1 83 1041
E Task VII 76 16.2 76 9.6 :
revised . . :
US 0 psi 85 - 5.7 83 10.8 ;
: e 15.1 74 10.4
76 16.0 85 11.1
77 15,6 87 11.3
76 15.0 87 10.7
73 16.4 73 11.2
76 16.3 87 11.4
76 - 14.6 7I 10.3 :
74 13.5 T4 10.2
T4 5.0 T4 1.0

T e T
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%

RO-1 RO-2 UF
_TE ' $REJ FLUX % REJ FLUX % REJ FLUX
2-2-78 . 60 16.7 52 12,5
3::1;82‘111 74 16.0 79 10,7
3 US 0 psi T4 T 16,3 74 10.8
4 T8 15.9 76 10.4
i 76 15.5 87 11.0
- 80 13.4 g9 8.8
r; ' 78 13,6 89 9.0
; 79 - 13.3 88 8.7
89 11.1 87 7.1
E 89  11.1 89 7.1
' 81 11.9 85 9.0
f 89  11.6 85 Tal
- +g 11.3 - 80 7.3
78 .12.1 80 " 8.9
2-3-78 63 12,1 63 9.3
Task VI1 78 11.0 78 8.5
US 0 psi : 78 11,2 78 7.8
76 10.5 76 7.9
78 10,1 78 8.6
80 9.1 80 7.6
78 9.8 78 7.6
78 9.9 78 7.6
80 8.7 81 7.3
80 8.8 78 7.6 |
8o 9.7 718 8.1 %
80 9.5 78 8.1
................................ 6] emmcmmcceceecmmcccancecccccmmaemae~—aaae




